Summary. The direct effects of an enkephalin analogue, (D-AlaZ/MePhe4/Met/(O)-ol) enkephalin (DAMME), on insulin release from isolated islets of Langerhans of the rat have been investigated. DAMME had a dose-dependent effect on insulin secretion: low concentrations (10 -1~ to 10 .8 mol/1) were stimulatory while high concentrations (10-Stool/I) were inhibitory in the presence of 8 mmol/1 glucose. Similar effects were found with met-enkephalin, and with the longer acting alanine substituted metenkephalin. Morphine sulphate (5 x 10 .7 mol/1) also stimulated insulin release. The effects of enkephalin and morphine were blocked by the specific opiate antagonist naloxone hydrochloride (1.2 • 10 .6 mol/ 1). The insulin secretory response of perifused islets to enkephalins and morphine was rapid, corresponding to the first phase of glucose induced insulin release. These observations suggest that there may be opiate receptors in islets, and that opioid peptides could modulate insulin release.
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Chlorpropamide-alcohol facial flushing (CPAF) was found by Leslie et al. [1, 2] to occur in a proportion of non-insulin dependent diabetics. It was subsequently suggested [3] that CPAF might be related to sensitivity to enkephalin as it was reproduced in some cases by an enkephalin analogue and blocked by the specific opiate antagonist naloxone. The enkephalins are pentapeptides whose sequence is found in Bendorphin, and whose effects are similar to those of morphine. Morphine causes hyperglycaemia if given in large doses intravenously, or in smaller doses into the cerebral ventricles, the effect being centrally mediated [4] . Intraventricular B-endorphin also causes hyperglycaemia [5] .
It was obviously of interest to know whether opioid peptides had any peripheral effects on the regulation of blood glucose levels. It has recently been shown that the release of insulin from the isolated perfused dog pancreas is stimulated by B-endorphin and morphine [6] , while immunocytochemical studies suggest the presence in the pancreas of opiate receptors [7] . Direct effects of enkephalins or morphine on insulin secretory responses of isolated islets of Langerhans have not so far been reported. We have therefore examined the islet response to the enkephalin analogue, DAMME, previously used in clinical studies [3] .
Methods
Isolated islets of Langerhans were prepared by collagenase digestion of pancreas from fed Sprague Dawley rats, or for islet perifusion, from fed Wistar rats (8) . Islets from two rats were pooled on any one day. The effects of DAMME, (D AlaZ/MePhe4/Met/(O) -ol) enkephalin, (FK 33.824 Sandoz, Basle), met-enkephalin (Miles Laboratories, Slough, U. K.), D-Ala2/met enkephalin (U. C. B. Christiaens Bioproducts, Brussels), morphine sulphate, (Evans Medical, Liverpool) and naloxone hydrochloride (Narcan, Winthrop, Surbiton on Thames, Surrey) on islet insulin release in vitro were tested as described previously [9] . Briefly, groups of 3 islets were incubated in 0.6 ml of bicarbonate buffered medium, pH 7.4, [10] containing glucose (8 mmol/1) and albumin (1 mg/ml) with and without different concentrations of test substances. After a 30 min incubation an aliquot of medium was removed and diluted for insulin assay.
The islet,perifusion system consisted of a multichannel peristaltic pump, (Gilson, Villiers-le-Bel, France), in which 6 channels were used simultaneously to perffuse groups of 50 islets attached to nylon gauze in Millipore chambers (Millipore S. A., Molsheim, France). The flow rate was 1 ml/min. Each chamber containing islets was perifused for 40 min in medium containing glucose (6 mmol/1) before the start of the experiment. Samples were then collected every 2 rain for 10 min to record baseline insulin release.
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Results
Insulin secretion from isolated islets was stimulated by low enkephalin concentrations (10-1~ -7 mol/1 DAMME, Fig. 1 ). Stimulation was abolished and subsequently reversed by increasing concentrations of enkephalin. When naloxone was added to the incubation medium the stimulatory effects of 10 .8 mol/1 enkephalin were blocked reducing insulin release from 8.9 + 0.9 to 5.7 _+ 0.6 ng/islet/30 min. The secretory responses of islets to other enkephalins were broadly similar to the response to DAMME (Table 1, Fig. 2 ). The concentrations of morphine sulphate which stimulated insulin release were in the same range as the stimulatory enkephalin concentrations (Table 1 ). Higher morphine sulphate concentrations (6.5 x 10-Stool/I), like enkephalin, decreased glucose stimulated insulin secretion in perifusion by 30% on average (result not shown). Naloxone hydrochloride alone produced a small significant (p < 0.05) stimulation of insulin release but at only one concentration (Table 1) .
Islet perifusion showed that the stimulatory effect of opioid peptides and morphine sulphate was rapid. There was no 'second phase' insulin secretion despite continuous perifusion of the islets with enkephalin for 30min (Fig. 2) . However, the response to enkephalins or morphine sulphate was restored if the islets were perifused with medium containing glucose only (Fig. 3) . Simultaneous exposure to naloxone largely prevents the stimulation of insulin release by enkephalin (Fig. 2) . Although male Wistar rat islets were used in perifusion experiments, the results obtained in Figure 2 and Figure 3 were the same as those using islets from female Sprague-Dawley rats ( Fig. 1 and Table 1 ).
Discussion

We have presented evidence that an opiate-like peptide (D-Ala2/MePhe4/Met/(CO)-ol)
enkephalin, DAMME, affects insulin secretion from isolated rat islets of Langerhans. Its effects were concentration dependent, stimulatory at low concentrations and inhibitory at high concentrations. Insulin secretion was also stimulated by met-enkephalin, which is known to have a short half life, and by a longer acting alanine substituted enkephalin [11] . Morphine sulphate also stimulated insulin release, while naloxone, a specific opiate antagonist, prevented or reversed the effects of enkephalins on islets during perifusion and during a 30 min static incubation. These results suggest that opiate receptors are present in islets. This possibility is further supported by the demonstration, by immunocytochemistry and radioimmunoassay that such receptors are present in pancreatic islets [12] . Furthermore, B-endorphin and Insulin secretion from groups of 50 islets perifused for 40 min with medium containing 6 mmol/1 glucose before the test substances were introduced (arrows). Test substances were: a Morphine sulphate (ms) 6.5 x 10 -s mol/1, and glucose 6 mmol/1, b Met-enkephalin, 1.6 x 10 -8 mol/1, glucose 20 mmol/1, and 6 mmol/1 followed by ala-substituted met enkephalin 1.6 x 10 -8 mol/1 Similar results were obtained in three experiments morphine have been shown to affect hormone release from the perfused dog pancreas, perhaps via opiate receptors [6] . The rapidity of the secretory response of perifused islets to stimulation by enkephalins and morphine suggests an effect on ion movement, perhaps on calcium uptake. Ipp and co-workers suggested that morphine and B-endorphin stimulated insulin and glucag0n release in the perfused pancreas by a simultaneous inhibition of somatostatin release [6] . The inhibitory effects of somatostatin on hormone release are demonstrable in the perfused pancreas, though there is some doubt as to whether they are to be found in collagenase isolated islets [13] . If this latter is the case, then it is unlikely that our results could be explained by inhibition of somatostatin release. However, it has also been shown by BentHansen et al. [14] that one of the effects of somatostatin in isolated mouse islets is an inhibition of the first phase of glucose induced insulin release, and that excess Ca ++ can reverse this inhibition. It is therefore conceivable that opioid peptides affect islet insulin release via complex interactions with somatostatin and calcium.
The results we have obtained with enkephalins and isolated islets agree in certain respects with those of Ipp and co-workers using B-endorphin and the perfused dog pancreas [6] . The timing of the response and the concentrations of opioid peptide which stimulate insulin release are similar in the two systems. The results do not agree with the observations of Kanter and others [15] using monolayer cultures of B-cells.
Two points emerge. Firstly, the response to enkephalin and morphine in perifusion was rapid and transitory, only returning when a period intervened between enkephalin challenges (Fig. 3) . The enkephalin response was smaller than the first phase of insulin release which can be stimulated by a maximal glucose challenge (20mmol/1 glucose). The short duration of the response may result from the breakdown of enkephalins by islet peptidases, although this seems unlikely in the perifusion system, or, it may indicate the rapid development of tolerance to these opioid peptides. It is also conceivable that the single response in perifusion in vitro may be reversed by some endogenous factor in vivo. Secondly, our observations may be relevant to the aetiology of. non-insulin dependent diabetes, where the pancreas is essentially histologically normal, and the disease may be regarded as a disorder of the control of insulin release [16] . Many patients with non-insulin dependent diabetes show CPAF and are apparently more than normally sensitive to the effects of enkephalin, at least in this respect. The dose reversibility of the effect of enkephalin on insulin release suggests a possible way in which non-insulin dependent diabetes might be produced, namely that a concentration of enkephalin which in normal people would stimulate the release of insulin might in these patients inhibit it. This highly speculative hypothesis could be tested in clinical studies.
